Objective. To estimate the effects of competition for both Medicare and HMO patients on the quality decisions of hospitals in Southern California. Principal Findings. The study finds that an increase in the degree of competition for HMO patients is associated with a decrease in risk-adjusted hospital mortality rates. Conversely, an increase in competition for Medicare enrollees is associated with an increase in risk-adjusted mortality rates for hospitals.
Introduction
Two types of insurers dominate the U.S. health care economy: the federal and state governments, through the Medicare and Medicaid programs, and privately purchased managed care or HMOs. These insurance systems reimburse health care providers differently, which gives providers different and potentially offsetting incentives to deliver quality care. Some argue that in a managed care environment competition will provide the appropriate incentives for insurers and providers to deliver the optimum level of care at prices that approach marginal cost (Enthoven (1993) ). In contrast, hospitals will have different incentives to provide quality care to Medicare patients since they have little control over the reimbursement rates they receive from Medicare. 2 There is substantial evidence that since the rise of managed care, increasing competition in hospital markets has led to lower prices. The incentives for hospitals to make quality-enhancing investments will be affected by their return on quality. That return will be a function of the competitive environment and the mechanisms and generosity of reimbursement.
Thus, competition for Medicare and HMO patients may have differing impacts on hospital quality.
In this paper we seek to estimate the effects of competition for both Medicare and HMO patients on the quality outcomes of hospitals in Southern California. We examine two diagnoses, pneumonia and acute myocardial infarction (AMI). Our basic method of analysis is simple: we regress quality of care on levels of competition. However, we address a number of issues that complicate this analysis.
First, standard measures of competition are likely to be endogenous. This is because high, unobserved quality for a hospital is likely to lead it to have a large market share which will make it appear to have a high measure of market power. To address this issue, we develop measures of A revised final version of this manuscript will appear in Health Services Research. 4 competition based on patient flows that are predicted using only exogenous characteristics. 4 Second, we account for competition for both HMO and Medicare patients by measuring quality as a function of the level of competition for each payer type multiplied by the predicted fraction of patients of that payer type. Third, we use measures of hospital quality (in our case riskadjusted mortality) that control for observed and unobserved severity. For our estimation, we focus on a single geographic area, Los Angeles County, and pool data from a four-year period.
Thus, the parameters will be identified from the relation between hospital quality and the degree of competition and patient types across different parts of the area.
In contrast to the large body of work on the pricing effects of competition, the literature on the effect of hospital competition on medical outcomes is relatively sparse. Shortell and Hughes (1988) , Ho and Hamilton (2000) , and Mukamel, Zwanziger, and Tomaszewski (2001) find no significant relation between hospital competition and quality. In contrast, Kessler and McClellan (2000) find that increases in competition increased patient mortality from 1986-1989, but decreased patient mortality from 1991-1994. Additionally, they find that competition unambiguously reduced mortality only in states with above-median HMO penetration. Propper, Burgess, and Green (2002) find that increased competition between hospitals in Britain's National Health Service reduced mortality rates for AMI. Our analysis is most similar to the Kessler and McClellan study. However, our work differs from theirs in several important ways as we examine the effects of competition for patients with different types of insurance, and over two very different diseases. Moreover, our findings imply different relationships between competition and hospital quality.
A revised final version of this manuscript will appear in Health Services Research.
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Background
We examine the relationship between competition for patients with differing insurance arrangements and hospital quality. It is reasonable to ask why competition over different payer classes may have differential impacts on hospital quality. There are two key assumptions that, if met, imply that competition for different payer types will impact the optimal, profit-maximizing hospital quality. First, that patients (or their agent physicians) directly or indirectly through their insurance choice select hospitals, at least in part, on the basis of perceived quality. Second, that hospitals cannot choose to offer different quality levels to patients based on their insurance type.
If these conditions hold and increasing quality is costly, then hospitals will have an incentive to adjust their quality for all patients in response to changes in their competitive environments. A more rigorous statement of these ideas can be found in Glazer and McGuire (2002) .
As an example, consider two hospitals, A and B. Suppose hospital A faces substantial competition for Medicare patients, while hospital B does not. Hospitals, in general, cannot affect their Medicare payment level. If Medicare reimburses hospitals below some threshold at which it is undesirable to attract Medicare patients, the hospital will have an incentive to reduce overall quality to shed patients.
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The ability of the hospital to shed patients will depend on the options these patients face. Because patients at hospital A have more choices, it will be easier for hospital A to shed patients by reducing quality than for hospital B. Thus, all else being equal, A will have an incentive to have lower quality than B. Conversely, if Medicare pays above the threshold, then A will have an incentive to have higher quality than B.
Theoretically, the impact of competition on quality for patients enrolled in managed care plans is less clear. Different economic models yield differing predictions on the relationship between competition and price because they incorporate different underlying assumptions. 6 As it is very difficult to determine which assumptions are likely to be empirically correct, we have no clear guidance on the directional impact of increased hospital competition on hospital quality.
The incentive to increase quality may also vary by diagnostic and procedure category.
The margins on Medicare payments vary considerably across DRGs (McClellan 1997) , and the profitability of treating a given diagnosis varies across payers (Chernew, Gowrisankaran, and Fendrick 2002) . Hospital reputations differ across disease classes, implying that they can affect the quality of care in specific areas.
In this paper we focus on the relationship between competition and hospital quality for two diagnoses: AMI and pneumonia. In general, pneumonia patients may have discretion over the hospital to which they are admitted. A difference of an hour in transportation time is not likely to directly impact the patient's prognosis. Thus, our measures of competition for pneumonia should directly capture the competitive environment for this disease. However, this is not true for AMI where a delay of several minutes in treatment can have a substantial impact on the patient's outcome.
Since patients have less discretion in selecting their hospital when they suffer an AMI, it is reasonable to ask what competitive forces affect hospitals' incentives to provide quality care for AMI. We believe that there are at least two important forces. First, while hospitals may not compete directly for AMI patients, they do compete to be part of an HMO's network and, insofar as quality of care impacts the HMO's decision to include the hospital in the network, it will affect the hospital's incentive to provide quality care. Second, the quality of care for AMI is likely positively correlated with quality of care for other heart procedures and diagnoses, and for most of these diagnoses patients do have discretion over the choice of hospital. Chernew, Scanlon, and Hayward (1998) find that HMO enrollees are more likely to be admitted to better hospitals for coronary artery bypass graft (CABG) surgery.
Methodology
The purpose of this paper, which is to estimate the relationship between hospital quality and competition for different payer types, requires the formulation of measures of competition for each payer group. Besides controlling for payer groups, we have two other broad concerns in measuring the level of competition. Traditionally, measures of competition are formulated using a two-step method. The first step defines the extent of the geographic and product market. In studying hospital competition, this is generally done by defining the geographic markets (e.g., counties) in which hospitals compete. The product market usually is a set of inpatient services.
The second step involves measuring market shares given the market definition.
Both steps may introduce significant biases to the competition measure. For example, the definition of the geographic market is usually based on geopolitical boundaries (e.g. counties or standardized metropolitan statistical areas (SMSAs)) instead of economic notions of markets and thus is often ad hoc and can lead to substantial biases in the parameters of interest. It is also difficult to model the fact that hospitals are geographically dispersed within a given market with substitutability of hospitals varying substantially within the market.
The second problem in formulating measures of competition is that one must construct measures of hospital size. Measures of size that are based on actual patient flows will be endogenous: high quality hospitals may attract more patients from farther away. Thus, an increase in the quality of a hospital would cause it to appear to have more market power. This problem will be exacerbated with HMO patients because HMOs generally form hospital networks, where the networks typically include only a subset of the total set of hospitals. For example, consider a region with one HMO and two hospitals. If the HMO negotiates a favorable rate with one hospital and includes it in its network, a Hirschman-Herfindahl Index (HHI) measure of market concentration based on actual HMO patient flows will be extremely high and will underestimate the intensity of the actual hospital competition.
Following Kessler and McClellan (2000) and Town and Vistnes (2001) , we compute a measure of competition that is based upon the results of a multinomial logit model of hospital choice. Our specification for the choice model explicitly accounts for geographic and product differentiation but is not based on endogenous hospital variables. This allows us to formulate hospital-specific measures of competition for the different insurance categories that satisfy both of our concerns. In the remainder of this section, we discuss our model of hospital choice and our construction of competition and quality measures.
Model of Hospital Choice
We now detail our exact choice model. We posit that the indirect utility that a patient with diagnosis s receives from being admitted to hospital We estimate (1) using the hospital selection decisions of Medicare enrollees in California. We use this group because, in general, individuals in this group are free to choose any hospital and the price they pay for inpatient services (essentially a small deductible) does not differ by hospital.
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We then use the parameter estimates of (1) to derive predicted patient flows for all payer groups. Previous work (Town and Vistnes (2001) ) finds that the Medicare-based choice model translates quite well to the younger Medicaid population.
Formulating Measures of Market Concentration and the Geographic Dispersion of Patients
We use the estimated parameters of (1) to formulate hospital-specific measures of competition for each payer type. For a given hospital choice set J, let s ij P be the estimated probability that individual i with diagnosis s will be admitted to hospital j. Under the logit assumption, In this framework the HHI for patient i is:
HHI measures the degree of competition for individual i. A given hospital j will concern itself with the nature of competition over those patients that it is likely to attract. Thus, we weight s i HHI for hospital j by the relative likelihood that the patient will be admitted to hospital j. We formulate (4) 
Measures of Hospital Quality
We focus on mortality as our measure of hospital quality, as it is the most common and oldest outcome-based measure. We use different risk-adjusted hospital mortality rates for pneumonia and AMI. The pneumonia rates come from Geweke, Gowrisankaran, and Town The parameters from (1), the hospital choice problem, are also estimated using the Version B patient discharge data from OSHPD. We estimate the parameters of (1) for two different types of conditions: AMI and pneumonia. For this purpose, the data provide patientlevel information on zip code of residence, DRG, race, sex, age (by classes), hospital that the patient was admitted to, source of admittance (emergency room, etc.), and disposition (normal discharge, death, etc.). From these data we kept those patients who were admitted to a hospital in Los Angeles, Orange, Riverside, San Bernardino, and Santa Barbara counties and who were coded as Medicare enrollees. We removed from the data set any patient whose source of admission was other than the emergency room or routine and any patient with missing zip code information.
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All of the hospitals for which we have mortality data are located in Los Angeles
County. We include patients and hospitals from the surrounding counties in this sample to avoid biases that may occur for those hospitals located near the county border.
In addition to the patient level data, OSHPD is the source of our hospital-level controls.
We measure hospital size by the number of staffed beds, and include four categorical controls (150 or fewer beds, 151-200, 201-300, and greater than 300 beds).
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We also use the profit and teaching statuses as regressors. We define a hospital to be a teaching hospital if it is a member of slightly further to her chosen hospital (7.7 versus 7.5 km), and is more likely to be admitted via the emergency room (63% versus 20%) than her pneumonia counterpart. Over a third of both AMI and pneumonia patients are admitted to the closest hospital.
The hospital data is presented in the bottom half of Table 1 . Both AMI and pneumonia carry a significant likelihood of death, with the AMI mortality rate being higher than the pneumonia mortality rate (14.9% versus 9.5%). The relatively high likelihood of death for these conditions suggests that mortality is an appropriate measure of hospital quality. There is also significant variation in the mortality rates for both diagnoses across hospitals. The standard deviations are 3.9% and 2.3% for AMI and pneumonia, respectively.
[ Table 2 presents the coefficient estimates of (1) [ Table 2 about here]
Using the coefficient estimates in Table 2 , we formulate our measures of competition for the five payer groups for both medical conditions. Table 3 presents the summary statistics of the measures of weighted competition by diagnosis, H, for each payer group. There is significant variation across hospitals in these measures. In general, the standard deviations are larger than the means and the maximum value for each measure is over ten times the mean value for each measure. In Table 3 Los Angeles, hospitals will face differences in patient mix and competition for patients from different payer groups.
[ Table 3 about here]
Hospital Competition and Hospital Quality
Next we examine the multivariate relationship between the measures of hospital quality and hospital concentration for AMI and pneumonia diagnoses. We control for similar hospitalspecific characteristics as in (1) to avoid any endogeneity of the competition measures. Table 4 reports regressions that examine the relationship between measures of competition and mortality for AMI and pneumonia separately. We transform all continuous variables by the natural logarithm in these regressions.
The main findings of this paper are captured in the regression results in Table 4 . Hospital quality is correlated with the weighted measure of competition and the nature of that correlation differs across payer groups. The estimates imply that holding the size of the patient population constant, increased competition for Medicare enrollees decreases hospital quality. This is true for both diagnoses. The coefficient on MED H is negative and significantly different from zero at traditional levels of confidence in both regressions. A 10% increase in MED H is associated with a decrease in hospital mortality of 3.3% for AMI and 3.5% for pneumonia. Thus, increasing MED H from the median level to the top quartile decreases expected mortality by about 19% for AMI and 16% for pneumonia. The estimated effect of competition on hospitals in markets where there is administrative pricing is consistent with the findings of Propper, Burgess, and Green (2002) for Britain's National Health Service. They find that hospitals that face more competition have lower quality.
[ Table 4 about here]
An increase in the weighted measures of competition for HMO patients (a decline in H)
is correlated with an increase in hospital quality. In the AMI regression the coefficient on HMO H is positive and significant at the 1% level. In the pneumonia regression the coefficient is positive but just insignificant at traditional levelsp-value = 0.11. A 10% increase in HMO H is associated with an increase in hospital mortality of 2.3% for AMI and 1.5% for pneumonia. That is,
increasing HMO H from the median level to the top quartile increases expected mortality by about 12% for AMI. Given that severe pneumonia is a relatively infrequent occurrence for the population that is likely to enroll in HMOs, it is not surprising that the relationship between HMO H and pneumonia mortality is weaker than for AMI mortality.
14 For both diseases, the coefficients on the other payer group H's are all insignificant at traditional levels of confidence. In the AMI regression, the coefficients on hospital characteristics are all insignificant. In the pneumonia regression, the coefficient on the 151-200 category is positive (relative to the excluded category of 150 or fewer beds) and significantly different from zero, while all the included ownership categories are negative and significant (relative to the excluded category of public hospitals). For both diagnoses, there is no significant difference between the qualities of not-for-profit and for-profit hospitals, conditioning on other variables.
The coefficient estimates indicate that the effect of changes in the competitive environment (e.g., from a merger) on hospital quality depends upon the relative impact of the change on the opposing forces of competition for HMO patients and competition for Medicare patients, which in turn depends on the geographic distribution of patients by payer type.
As an illustration of the opposing forces of Medicare and HMO competition, we compare the implied impact of a change in competition for AMI on hospital mortality with those of Kessler and McClellan (2000) . Kessler 
Discussion
Using data from the same geographic region over the same time frame, Town and Vistnes (2001) found that the bargaining power of an HMO with a hospital increases with the ability of the HMO to replace or remove a hospital from its network of hospitals. Thus, our findings in conjunction with the work of Town and Vistnes imply that increased hospital competition for HMO patients leads to lower hospital prices paid by the HMO and to higher hospital quality.
However, the results indicate that competition among hospitals for patients whose costs are controlled by the government -as through Medicare -reduces hospital quality.
The finding that vigorous competition for Medicare patients is associated with high mortality rates suggests that Medicare margins are small. This finding is consistent with the work of Chernew, Gowrisankaran and Fendrick (2002) . Small (or negative) Medicare margins are sufficient to account for our results, but there are other possibilities. For example, this result may also be due to deviations from profit-maximizing behavior on the part of hospitals.
Our results contrast with and clarify the findings of Kessler and McClellan (2000) . They find that competition unambiguously improved welfare for AMI patients only in the post-1990
period. Our findings indicate that the story of hospital competition is not that simple. Interpreting their conclusions using our results, the reason for the change in the effect of competition may be the large increase in the percent of HMO patients during the late 1980s and early 1990s.
Moreover, Kessler and McClellan (2000) report that increases in hospital competition significantly improved hospital quality for Medicare patients in those states with above median HMO enrollment, while in states in which the HMO penetration was below the median, the effect of competition on mortality was not significant. That is, they find an HMO penetration / hospital competition interaction spillover effect for Medicare enrollees. Our results indicate the mechanism behind these spillovers: an increase in the competition for HMO patients directly leads to improved hospital mortality rates. Furthermore, the effects of competition depend upon the type of payer and the generosity of those payments.
Our results are also consistent with the works of Chernew, Scanlon, and Hayward (1998) and Escarce, et al. (1999) . They find that HMO patients in California are more likely to be admitted to higher quality hospitals for coronary artery bypass graft surgery than non-HMO patients. The results of these papers along with our findings suggest that HMOs have preferences for higher quality hospitals. Thus, increased competition for HMO patients places more pressure on hospitals to improve their quality.
The findings suggest that the incentives for hospitals to reduce mortality rates differ according to the method of reimbursement. This, in turn, implies that both antitrust and Medicare policies will play a role in determining hospital quality. Increases in market concentration, as would occur following a merger, can lead to either increases or decreases in hospital mortality and the net effect will depend upon the geographic distribution of the Medicare and managed care populations about the hospitals. Also, the impact of the merger may vary across different types of medical conditions with different Medicare margins. This conclusion differs somewhat from Kessler and McClellan (1999) whose results imply that hospital mergers can only reduce hospital quality. Note: The superscript "P" denotes pneumonia. The subscripts "MED" denotes Medicare enrollees, "HMO" denotes HMO enrollees, "IND" denotes the self-paying or indigent population, "IDM" denotes those covered by traditional indemnity insurance and "MCD" denotes Medicaid. The hospitals corresponding to the minimum and maximum are listed below the reported figure. 
